The role of uncoupling proteins in the regulation of metabolism.
Investigations of variations in metabolic efficiency and thermogenesis have a short and turbulent history. In small animals, non-shivering thermogenesis and diet-induced thermogenesis have a great impact on overall body weight, and the question is whether mechanisms to waste energy have evolved also in human energy metabolism. The candidate molecules for this adaptive thermogenesis are the uncoupling proteins. This is a newly discovered family of proteins, consisting of at least five proteins, namely UCP1, UCP2, UCP3, UCP4 and UCP5. Although a role for UCP1 in thermogenesis is unequivocal, the physiological function of the newer uncoupling proteins is as yet unclear. UCP1 is present in brown adipose tissue and has a well-documented role in cold-induced thermogenesis. The targeted disruption of the UCP1-gene rendered animals that were cold sensitive, but not obese. UCP2 mRNA has a ubiquitous distribution in tissue, namely, in skeletal muscle, white and brown adipose tissue, the gastro-intestinal tract, the lung and the spleen. By targeting the UCP2-gene there was no effect on whole body energy metabolism, but instead, a reduced ability to protect against free-radical oxygen species. UCP2 has also been shown to act as a negative regulator for insulin secretion. UCP3 is present in skeletal muscle. Targeted disruption of the UCP3-gene gave no effect on whole body energy metabolism, but showed the mitochondria in muscle to be more coupled. In conclusion, the uncoupling proteins may be important in various specific ways, as protectors of free radical oxygen species and as regulators of ATP-dependent processes.